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Lattice Gas Automata for flow and transport 1 geochemucal systems

D. R. Janecky, S. Chen. S. Dawson, K. C. Eggert, B. J. Travis

Los Alamos National Lahcratory, USA

ABSTRACT: Lattice gas sutornata modeis are descnbed, wnich couple solute transport with chemical reactions at mineral
surfaceas within pore networks. Diffusion 1 a box calculations are 1llustrated, which compare directly with Fickiap diffusion.
Chemical reactions at solid surfsces, inclucing precipitationsdissolution. sorption, and cataiytic reaction. can be examuned with
the model because hydrodynamuc transport, solute diffusion and mineral surface processes are all treated explicitly. The
sumplicity and flexibility of the approach provides the ability to study the interrelationship between fluid flow and chemucal
reactions in porous matenals. st a level of complexity that has not previously been computationally possible.

1 INTRODUCTION

Chemical reactiop processes are often spatially distributed in
both geologic and enfinecred systems. I[ntrinsically coupled
Mow and chemical reaction processes are also a common
factor. In geologic systems, a detailed descnpion and
simulatios capahility for muneral-fluid inte1action as a
tunction of time 18 cntical to our undersianding of & wide
vantety of geochemucal processes, including weathonng,
diagenesis, and hydrothermal alteration. There are also a
van.ly of practical applications which demruod sophisticated
modeling capabilities. [n petroleum reservoiurs, applications
of interest include coupling between o1l mugration, secondary
recovery processes, aand the evoluuon and/or mampulauon of
parosity. Simularly, reactions coupled to ground water tlow
and conlamnant mugration are important wa eavironmental
\ystemns.

As chemical reaction models bave become wicreasingly
comprehensive to wclude such complexities, it has besn
recognized that new modsling approaches are required ‘o
hetter understand many pressing 1ssues. [nterrelated factors
such as rock texture, mineral distnbution, multiphase flow,
and pore or fracture network geomeotry all affect the
simultaneously intarrelated proceases of mineral dissolution,
Jeponition, and mass transport. (n addition, reaction kinetics
can significantly stfect the integrated resulis of such procesnes
(e.y. Wells and G} orso, 1991). For bulk reactions or large
swales of tenn to thousands of metars, modsis of genchemucal
procenses have provided significant insights using averaged or
phenomenological deacriptions of the permeability. flwa flow
tields, nuneral distnbutions, and Aluid compontion (Bassett
und Melchior, 1990: Lichtner, 1988; Ague and Brnimhall,
19H9: and reterencen therein). There sre als modals tor
reactions on the moiscular scale (e.y. Lasaga and (ihbm,
19N7). Between these two scalea, however, there 19 8 paucity
of general and flexible awdels of Nuid-rock intersction. This
intermexdiate seale is particularly important to a quantitative
understanding ot both geochemical and tlow provessea in

natural porous media because it is precisely the scale ar which
moat detmled analytical, expenmental, and deacnptive
methods provide information.

Rothman (1988) and Chen and othera (1991) exanined
aprlications of lattice gas automata (LGA) methods 10
geological problem: Sy formulating models to simulate flow
through complex porous media. Wells and others (1991)
examuned coupling to the LGA models both surface reacticns
and fluid transport through flow and ditfusion tor a single
solute. These snidies demonstrated the potential of this class
of models for examuning complex pore network processes
explicitly. [a this paper. we report further developments and
refinements of the techmiques.

2 LATTICE-BASED HYDRODYNAMIC MODELS

The cure of these models 18 streamung and collimon of
“particies” on a lattice. The lattice can be developed in s
vanety of structures to represent ‘wo ur three dimenwional
flow syslems (see examples in Jiemer *nd others, [990). A
hexagonal symmetric {attice has heen shown to provide a
numencal solution to the two-dimensional Navier-Stokes
equations (Fnsch and others, 1986, 1987; Wolfram, 19861,
and thus s capable of nxxicling real systema Hvdrodyaamic
aperstion of the model 15 divided into two processes:
vtreanung of “particlen” from one nude to the neat dunng
cach time atep, and calculation of collimon resultx a the new
nodes. Constraimng the “particiea” (o uingle node steewrung
results 10 an isothermal model.

The calculations ot Wells and others (1991) used the
iunimal colhmon 21 FHP-1 model of Frisch and uthers
(1986) 1 which esch lattice node can contain up v ut
wivent "particlen”. Eaclumon rules ailow only one “varty le”
travehing 1n any one dirstion o occupy o node. This model
wan suhsequently upgraded to include a full set ot collivions
and the possibility ot & reat “particle” at each node, swhich
resulta 1n more phymically reasonable viscosity (Chen and
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